A unique study of structural and chemical analysis of crystalline phases in developed agglomerated fluxes was carried out. Thirtytwo fluxes were developed by using a mixture of oxides, halides, carbonates, silicates, and ferroalloys for submerged arc welding. The present paper focuses on only ten (out of thirty-two) fluxes which were analyzed by X-ray diffraction (XRD) to know the different types of oxides formed and changed in oxidation number of metallic centers after sintering process at around 850 ∘ C. To know the effect of temperature over phase transformation and melting of different compounds, differential thermal analysis (DTA) was carried out from 1000 to 1400 ∘ C. This study aims to know the quantity of ions present (percentage) and melting behavior of developed agglomerated fluxes for submerged arc welding process.
Introduction
The agglomeration method is used for flux preparation by using a mixture of oxides, halides, carbonates, silicates, and ferroalloys [1] . The chemistry of weld metal is always governed by the electrochemical changes at the weld pool flux interface because the important properties of submerged arc welding fluxes are the function of their physiochemical properties [2] [3] [4] [5] . The important chemical reactions take place during heating of ceramic oxide which is the chemical reaction among the different phases [6] , phase transformation of minerals [7] , formation of crystalline phases [8] , and chemical and structural characterization of crystalline phases in agglomerated fluxes for submerged arc welding were observed [9] . Therefore, the developed agglomerated fluxes can be analyzed to know their crystal structure observed during the rise of temperature. The objective of this analysis is to know the crystalline phases as well as to quantify the different types of ions and their distribution in developed agglomerated fluxes (AGF1101-AGF1110) by X-ray diffraction (XRD) and differential thermal analysis (DTA) is used to know the peaks of endothermic temperatures.
Experimentation
In the present study, the fluxes have been designed on the basis of binary and ternary phase diagrams for different oxide and fluoride systems [10] and formulated by using response surface methodology technique [11, 12] . In these fluxes, varying amount of oxides and fluorides were added to know the crystalline phases as well as to quantify the different types of ions and their distribution in developed agglomerated fluxes (AGF1101-AGF1110) by X-ray diffraction (XRD) and differential thermal analysis (DTA) was carried out to know the peaks of endothermic temperatures.
CaO-Al 2 O 3 -SiO 2 -based flux systems have been selected for the study as these are the most widely used fluxes at the commercial level. The details of basic constituents, alloying constituents, and their percentage in the developed agglomerated fluxes are reported in Table 1 . After ascertaining the compositions and constituents of fluxes, they were prepared by agglomeration method by taking small batches (2 kg) of weighed quantities of powdered chemicals except binder and thoroughly mixed in a ball miller. The prepared granular flux was dried and baked in an electrically heated furnace for 3 hrs at 850 ∘ C. The dried flux was allowed to cool down to room temperature before storing it in a moisture free box. The XRD analysis was carried out by diffractometer with the monochromatic light wavelength 1.540600Å (Cu K ) for all developed agglomerated flux. The DTA was carried out in an Al 2 O 3 crucible from 28 to 1400 ∘ C at the heating rate of 10 ∘ C/min. Alumina was used as a standard reference for differential thermal analysis. 
Result and Discussion

XRD and DTA Analysis of Developed Agglomerated Fluxes.
The XRD results of developed agglomerated fluxes are shown in Figures 1, 2, 3 , 4, 5, 6, 7, 8, 9, and 10 and by these graphs, it has been observed that a number of crystalline phases are formed due to chemical interaction among ions with potassium silicate binder. The oxides like MnO, MgO, SiO 2 , Al 2 O 3 , and CaO were found in compound form, which means they do not react with one another. The names of different crystalline phases observed in XRD analysis along (1) (Ca, Mn ++ ) 14 Si with their crystal structure were given in Table 2 . The quantity of different oxides shown in Table 3 was based on XRD peaks with high intensity [13] . The development of different types of silicates and oxides is mainly due to mixing of potassium silicate during the agglomeration process. The curves of differential thermal analysis (DTA) are shown in Figures 11, 12, 13, 14, 15, 16, 17, 18, 19 , and 20 and it shows that most of the oxides were stable oxides up to 1000 ∘ C. The ranges of DTA curves were found between 1000 to 1400 ∘ C. With a few exceptions, most of the reactions were endothermic in nature and the endothermic peaks were observed at different temperatures for different fluxes given in Table 4 . The endothermic peaks were different for different fluxes because of their different chemical compositions. These endothermic peaks were comparable with the melting reaction of different crystalline phases for different fluxes. In some DTA curves, a zigzag behavior was observed due to gassing or blistering of the glass formation [14] . can react with oxygen and tetrahedral unit SiO 4 4− from the silicates formed in the fluxes. Since, calcium and magnesium ions have the largest negative heat of formation energy Δ , therefore, they react quickly with oxygen in the welding arch. There were changes in oxidation number in some cationic constituents like Fe 2+ , Fe 3+ , Mn 2+ , and Mn 4+ . In most of the fluxes, calcium was present which increases the stability of electric arc during welding. The viscosity of fluxes increases by the presence of corundum and SiO 2 which are present in most of the fluxes. In most of the fluxes, it has been observed that the MnO and SiO 2 are jointly present and increase the thermomechanical behavior of weld joint.
Conclusion
The study identified the quantity of different ions present in the weld pool, and it also helps to know the different types of oxides and probable crystalline phases in developed 
